humid habitats, and distributes in southwest of Guangdong, Hainan, west and southwest of Guangxi, south of Yunnan of China, as well as Vietnam, Laos, north of Thailand 1 . Previous phytochemical studies on E. trichotoma resulted in the identification of terpenoids, alkaloids, and limonoids 2 4 .
Its roots and fruit have been used as a folk medicine in the treatment of pains 1 .
Coleopterans have global importance in grain storage and industrial food production and can cause damage to the appearance of products as well as weight loss and reduced nutrient levels, rendering products unfit for human consumption 5 . The red flour beetle Tribolium castaneum Herbst Coleoptera: Tenebrionidae is worldwidely distributed and among the most economically important stored product pests 6 . The cigarette beetle Lasioderma serricorne Frbricius Coleoptera: Anobiidae is widespread and destructive primary insect pests of stored cereals, tobacco, oilseeds, dried fruits and traditional Chinese medicinal materials 7 . The booklouse Liposcelis bostrychophila Badonnel Psocoptera is frequently found in stored product grains and traditional medicines, or other amylaceous products 8 . Currently, control of stored product insect pests is primarily dependent upon successive applications of liquid insecticides such as pyrethroids which are still the most effective for the protection of stored food, feedstuffs and other agricultural commodities from insect infestion. Although effective, their repeated use for decades has disrupted natural biological control systems and led to outbreaks of stored product insect pests, development of resistance to various types of insecticides, undesirable effects on non-target organisms, and environmental and human health concerns 9, 10 . Botanical pesticides have the advantage of providing novel modes of action against insects that can reduce the risk of cross-resistance as well as offering new leads for design of target-specific molecules. In previous studies, the bioactivities of a large number of essential oils have been also evaluated against a number of stored product insects 11 15 .
During the screening program for new agrochemicals from local wild plants, the essential oils of the leaves of E. calcicola and E. trichotoma were found to possess repellency against three stored product insects red flour beetles, Tribolium castaneum Herbst, cigarette beetles Lasioderma serricorne and booklice Liposcelis bostrychophila . However, a literature survey has shown that there is no report on the volatile constituents of E. calcicola and the insecticidal activity of E. calcicola and E. trichotoma essential oils. Here, this work aimed to identify the chemical constituents of E. calcicola and E. trichotoma as well as their repellent activities against stored product insects. And the relationship between the chemical composition and the insect repellency is also discussed. 
EXPERIMENTAL PROCEDURES

Essential oil extraction
The ground powders of E. calcicola and E. trichotoma 2.0 kg were subjected to hydrodistillation using a modified Clevenger-type apparatus for 8 h, extracted with hexane, and the essential oils were dried anh. Na 2 SO 4 and stored in airtight containers in a refrigerator at 4 for subsequent experiments.
Analysis of the Essential Oils
Components of the essential oils of E. calcicola and E. trichotoma were separated and identified by using Bruker-320 gas chromatography/mass spectrometry GC/MS and equipped with a flame ionization detector and a capillary column with VF-5 30 m 0.25 mm 0.25 μm . The GC settings were as follows: The initial oven temperature was held at 50 for 4 min and ramped at 10 /min to 290 for 17 min. The injector temperature was maintained at 250 . The samples 1 μL, dilute to 1 with n-hexane were injected neat, with a split ratio of 1:60. The carrier gas was helium at flow rate of 1 mL/min. Spectra were scanned from 45 to 650 m/z at 2 scans/s. Most constituents were identified by gas chromatography by comparison of their retention indices with those of the literature or with those of authentic compounds available in our laboratories. The retention indices were determined in relation to a homologous series of n-alkanes C 8 -C 24 under the same operating conditions. Further identification was made by comparison of their mass spectra with those stored in NIST 05 Standard Reference Data, Gaithersburg, MD, USA and Wiley 275 libraries Wiley, New York, NY, USA or with mass spectra from literature 16 18 . Component relative percentages were calculated based on GC peak areas, without using correction factors.
Repellency Tests
The repellent effects of the essential oils against T. castaneum, L. serricorne and L. bostrychophila were assessed by using assays on petri dishes 19 . Petri dishes 9 cm in diameter were used to confine beetles during the experiment. The essential oils of E. calcicola and E. trichotoma were prepared in n-hexane 39.32, 7.86, 1.57, 0.31 and 0.06 nL/cm 2 , and absolute n-hexane was used as the control.
Filter paper 9 cm in diameter was cut in half and 500 μL of each concentration was applied separately to half of the filter paper as uniformly as possible with a micropipette. The other half control was treated with 500 μL of absolute n-hexane. Both the treated half and the control half were then air-dried to evaporate the solvent completely 30 s . A full disk was carefully remade by attaching the tested half to the negative control half with tape. Each reassembled filter paper after treatment with solid glue was placed in a Petri dish with the seam oriented in one of four randomly selected different directions to avoid any insecticidal stimuli affecting the distribution of insects. Twenty insects were released in the center of each filter paper disk, and a cover was placed over the Petri dish. Five replicates were used, and the experiment was repeated three times. Counts of the insects present on each strip were made after 2 and 4 h. The percent repellency PR of each volatile oil was then calculated using the formula
Where N c is the number of insects present in the negative control half and N t is the number of insects present in the treated half. The averages were then assigned to different classes 0 to V using the following scale percentage repellency 20 As for the booklouse, petri dishes and filter papers were changed to 6 cm in diameter and the concentration of the oil used in the experiments were 31.58, 6.32, 1.26, 0.25, 0.05 nL/cm 2 . The half filter paper was treated with 150 μl of the solution. As a positive control, a commercial repellent DEET N, N-diethyl-3-methylbenzamide , was purchased from Dr. Ehrenstorfer, Germany and used under the conditions as the oils. Analysis of variance One-Way ANOVA and GLM Univariate and Tukey s test were conducted by using SPSS statistics 20.0 for Windows 2007.
Percentage was subjected to an arcsine square-root transformation before variance and Tukey s tests.
RESULTS
Chemical composition of the essential oils
The chemical compositions of the essential oils derived from the two Evodia species are shown in Tables 1 and 2 
DISCUSSION
The main components of the essential oil of E. calcicola leaves were --β-pinene 44.02
, .92 a Retention index (RI) as determined on a VF-5 MS column using a homologous series of n-hydrocarbons. b Relative area (peak area relative to the total peak area). c MS = mass spectrum, Co = co-injection with standard compound. .99 a Retention index (RI) as determined on a VF-5 MS column using a homologous series of n-hydrocarbons. b Relative area (peak area relative to the total peak area). c MS = mass spectrum, Co = co-injection with standard compound.
Compared with the positive control, DEET, two essential oils possesses the different level repellency against the cigarette beetle, L. serricorne. The essential oil of E. trichotoma showed the same level repellency against the cigarette beetle at 2 h exposure. With the decreasing of the sample concentration, the activity of E. trichotoma was decreased gradually Table 4 . However, the essential oil of E. calcicola exhibited the less level repellency at all tested concentration at 2 h and 4 h Table 4 . When at the highest tested concentration of 39.32 nL/cm 2 , it showed weak repellency Class II against the cigarette beetle Table 4 . Moreover, the two essential oils showed strong repellency at the high concentration against the booklice, L. bostrychophila. Data showed that at the highest tested concentration of 31.58 nL/cm 2 , they possessed the same level repellency compared with the positive control at 2 and 4 h after exposure. However, with the decreasing of the sample concentration, the repellent effects of the two essential oils were decreased gradually Many essential oils and their constituents were evaluated for repellency against insects as well 29 . The literature survey has indicated that a synergistic phenomenon among these metabolites may result in a higher bioactivity compared to the isolated components 29 . In China, the essential oils derived from Chinese medicinal herbs were also evaluated for insecticidal activity and repellency against insects 30 33 . In this article, the essential oils of E. calcicola and E. trichotoma possessed strong repellency against the three stored product insects. These findings suggest that the two essential oils can play an important role in stored product protection. However, for the practical application of the essential oils as repellents, further studies on the safety of the essential oils to humans and on development of formulations are necessary to improve the efficacy and stability and to reduce cost.
CONCLUSION
The essential oils of E. calcicola and E. trichotoma leaves demonstrated repellency activity against red flour beetles, cigarette beetles and booklice but needs to be further evaluated for safety in humans and to enhance their activity. 
